Abstract. Nowadays, batteries have two main purposes: to enable mobility and to buffer intermitent power generation facilities. Due to their electromechaminal nature, several tests are made to check battery performance, and it is very helpful to know a priori how it works in each case. Batteries, in general terms, have a complex behavior. This study describes a hybrid intelligent model aimed to predict the State Of Charge of a LFP (Lithium Iron Phosphate -LiFePO4) power cell type, deploying the results of a Capacity Confirmation Test of a battery. A large set of operating points is obtained from a real system to create the dataset for the operation range of the power cell. Clusters of the different behavior zones have been obtained to achieve the final solution. Several simple regression methods have been carried out for each cluster. Polynomial Regression, Artificial Neural Networks and Ensemble Regression were the combined techniques to develop the hybrid intelligent model proposed. The novel model allows achieving good results in all the operating range.
Introduction
The variation of the energy production at renewable energy installations like wind farms, the necessity of finding a substitute for fossil fuels in vehicles or to supply energy to portable devices, are several reasons for which electric energy storage is one of the trending solutions [1] .
At present, there are some researches with the aim of improving energy storage. For instance, Smart Grid is a good example where energy store systems are employed to face intermittent renewable generations [2], such as wind or solar power production. In this way, portable devices require higher autonomy and lower weight with the purpose of improving people's quality of life [3] .
In other terms, the current development of electric vehicles possesses the problem of storing energy, despite the fact that electric powertrains are more efficient than internal combustion engines [4] . Among the different energy storage technologies, this paper is focused on one of these technologies, the battery storage systems, specifically LFP (Lithium Iron Phosphate -LiFePO4) power cell type. Due to the relevance of this types of batteries, modeling them is really important, especially its behavior and its ageing prediction, as charging and discharging cycles reduce cell efficiency [5] .
The classic regression models are based on Multiple Regression Analysis (MRA) methods [6] . MRA-based methods are useful due to their applications in different subjects [7, 8] ; the first cite shows a model for cost prediction in the early state of projects, the second one proposes a method to evaluate suppliers performance. The main problem of these methods is their limitations in certain cases. For instances in [6] and [9] the common trouble is its non linearity and the different ways followed to solve them with aproaches based on MRA techniques. Regression techniques based on Soft Computing could avoid some of the problems mentioned above. Several works have been developed with this goal. In [10] the prediction state of a model predictive control system is carried out by meta-classifiers. By combining multi regression analysis and artificial neural networks an optimizing overbreak prediction is made in [11] . In [12] failure detection and prediction in wind turbines is achieved by using intelligent techniques.
Despite the new methods to solve regression problems, there are cases where it is not possible to achieve a good performance of the model, for instances due to the high non-linearity of the system. Clustering could be a complementary solution as a previous step to apply regression to the dataset [13] . K-means clustering algorithms are often employed with this purpose [14, 15] . With this method, all the dataset is divided into subsets (clusters), depending on the features of the input data. Then, regression is made over each cluster. Previous works like [16, 17] used similar techniques to solve other physical systems.
This study implements a hybrid model to predict several parameters in one specific test of batteries. To develop the model, K-means clustering algorithm was used to make groups of data with the same behavior. Then, three different regression techniques were tested for each group to choose the best one based on the lowest mean squared error achieved. This paper is organized in the following way. After this introduction, the case of study section describes the employed test and how the dataset was obtained. Then, the model approach and the tested algorithms taken into account in the research are presented. The results section shows the best configuration achieved by the hybrid model. After the results, the conclusions and future works are presented.
